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Blood pressure influences  
end-stage renal disease of Cd151 
knockout mice
Sachs et al., J Clin Invest 2012; 122: 348–358; doi:10.1172/JCI58878
Podocyte–basement membrane interactions are part of the 
functional glomerular filtration barrier, as evidenced by pro-
teinuria resulting from disturbances in the function of a3b1 
integrin, integrin-linked kinase, laminin-521, and a-actinin 
4. Sachs et al. show that the main podocyte adhesion recep-
tor, integrin a3b1, interacts with the tetraspanin CD151 to 
provide firm adhesion to the basement membrane, so that 
deletion of the latter from podocytes reduces adhesion to 
laminin in vitro and, in vivo, leads to proteinuria and glomer-
ular sclerosis. Increasing blood and transcapillary filtration 
pressure induced nephropathy in mice with global genetic 
elimination of Cd151, leading to their death from renal failure. 
Interestingly, this could be delayed by angiotensin-converting 
enzyme (ACE) inhibition. This finding is of interest because, 
in humans, a rare frameshift mutation in CD151 causes hered-
itary nephritis in association with localized skin blistering, 
sensorineural deafness, and b-thalassemia minor. The renal 
component of this disease might potentially be delayed by 
ACE inhibition. In broader terms, these mouse experiments 
provide a novel mechanism to explain how increased intra-
glomerular pressure could eventually lead, through loss of 
podocyte adherence, to progressive glomerular sclerosis and 
proteinuria.
Detlef Schlöndorff
The CXCR4/CXCR7/SDF-1 pathway 
contributes to the pathogenesis  
of Shiga toxin-associated 
hemolytic uremic syndrome  
in humans and mice
Petruzziello-Pellegrini et al., J Clin Invest 2012; 122: 759–776; 
doi:10.1172/JCI57313
Hemolytic uremic syndrome (HUS) is a disorder character-
ized by the rapid onset of acute kidney injury, microangio-
pathic anemia, and thrombocytopenia. HUS occurs most 
commonly in children following a prodromal diarrheal ill-
ness due to Shiga toxin (Stx)-producing Escherichia coli. Stx 
had previously been reported to inhibit ribosomal function, 
resulting in ‘ribotoxic stress’ with subsequent activation of 
the unfolded protein response in affected endothelial cells. 
However, Stx has also been shown to induce alterations in 
gene expression at concentrations too low to alter global 
ribosomal protein synthesis. Petruzziello-Pellegrini et al. 
Reversible cell-cycle entry in 
adult kidney podocytes through 
regulated control of telomerase 
and Wnt signaling
Shkreli et al., Nat Med 2012; 18: 111–119; doi:10.1038/nm.2550
The podocyte is a terminally differentiated cell that is usually 
incapable of proliferation, and injury typically leads to podocyte 
loss and subsequent scarring manifest as focal segmental glomeru-
losclerosis (FSGS). In collapsing glomerulopathy, however, 
podocyte injury (for example, from HIV) leads to proliferation 
and dedifferentiation from a mature phenotype, and the associ-
ated collapse of the glomerular tuft leads to renal dysfunction. In 
a study by Shkreli et al., collapsing glomerulopathy was induced 
in mice by conditional expression of the telomerase-associated 
protein TERT. Telomerases are enzyme complexes that synthe-
size telomere repeats at the end of the chromosome, preventing 
loss of DNA during cell replication. Human telomerase consists 
of two molecules each of human telomerase reverse transcriptase 
(TERT), telomerase RNA (TR or TERC), and dyskerin (DKC1). 
Shkreli et al. found that TERT was upregulated in human HIV-
associated nephropathy (HIVAN) and idiopathic collapsing FSGS. 
TERT produced its effects through the WNT–b-catenin signaling 
pathway (separately from its reverse transcriptase activity). Silenc-
ing TERT expression or inhibiting Wnt signaling (with the Wnt 
inhibitor Dkk1) in TERT transgenic mice or in a mouse model 
of HIVAN resulted in normalization of podocyte structure and 
function. Telomerase and the WNT signaling pathway appear to 
be important to podocyte function and may offer new thera peutic 
strategies toward podocyte repair and regeneration (Figure).
Jai Radhakrishnan
Pathogenic mechanisms in collapsing glomerulopathy. 
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examined global changes in transcription of primary human 
microvascular endothelial cells (HMVECs) after exposure to 
levels of Stx that cause only mild decreases in protein syn-
thesis. They found that the chemokine receptors CXCR4 and 
CXCR7 were among the most highly upregulated genes and 
that these changes in gene expression required a catalytically 
active Stx subunit and were mediated by increased mRNA 
transcription and stability. Stx also enhanced the association 
of CXCR4, CXCR7, and SDF1 mRNAs (the latter is a ligand 
for CXCR4 and CXCR7) with ribosomes in HMVECs. The 
authors also found that injection of Stx into genetically sus-
ceptible mice induced microangiopathic injury resembling 
HUS to multiple organ systems, including the kidney, and 
that Stx induced increased levels of plasma and tissue CXCR4, 
CXCR7, and SDF-1. Importantly, inhibition of CXCR4 sig-
naling by administration of AMD3100/plerixafor (currently 
approved for stem-cell mobilization in non-Hodgkin’s lym-
phoma and multiple myeloma) one day after Stx prevented 
renal failure and mortality in this animal model. Finally, the 
authors demonstrated that among children infected with E. 
coli O157:H7, plasma SDF-1 levels were fourfold higher in 
those who subsequently progressed to HUS.
This study raises the intriguing possibility that therapy 
directed at inhibiting the CXCR4/CXCR7/SDF-1 pathway 
may prevent or ameliorate Stx-induced HUS.
Michael Ross
SSeCKS sequesters cyclin D1  
in glomerular parietal epithelial 
cells and influences proliferative 
injury in the glomerulus
Burnworth et al., Lab Invest advance online publication, 16 January 
2012, doi:10.1038/labinvest.2011.199
Among glomerular cells, parietal epithelial cells (PECs) have 
recently attracted a great deal of attention because of their 
potential role as glomerular and tubular cell precursors. Burn-
worth and co-workers identify a specific program that regulates 
the resting state of these cells and their proliferative potential. 
On the basis of previous findings, they focus on a scaffolding 
A kinase anchoring protein, Src-suppressed protein kinase C 
substrate (SSeCKS), observing that this protein has the ability 
to sequester cyclin D1 specifically in PECs, not in other glo-
merular cells, such as podocytes. They also show that SSeCKS 
activation is induced by cell–cell contacts, whereas SSeCKS 
phosphorylation by activated protein kinase C disrupts the 
SSeCKS–cyclin D1 complex with consequent nuclear translo-
cation of free cyclin D1. In contrast to the normal glomerulus, 
where SSeCKS can be found only in PECs, rodent models of 
extracapillary glomerular damage express SSeCKS in crescentic 
lesions. Interestingly, in the adriamycin model of glomerulo-
sclerosis, SSeCKS is detected not only in PECs, but also in the 
glomerular tuft, particularly in cells overlying synechiae and 
sclerotic lesions, suggesting that in these models PECs not only 
contribute to crescent formation but also participate in glo-
merular sclerotic damage by migrating into the tuft. The study 
extends to SSeCKS knockout mice. These animals do not spon-
taneously develop a glomerular disease, and they show more 
paired box gene 8 (Pax8)-positive PECs than wild-type mice 
(Figure) but an equal number of podocytes. When challenged 
by nephrotoxic serum injection, SSeCKS-null mice develop 
a more severe crescentic glomerulonephritis than the corre-
sponding wild type, supporting the role of SSeCKS in tightly 
controlling PECs’ cell cycle.
In summary, the study adds important information on the 
mechanisms that regulate the resting condition of PECs. It will 
be interesting to learn whether such findings apply to human 
PECs as well, in health and disease. Considering that from the 
morphological point of view, PECs are not a homogeneous 
population, numerous questions remain about molecular 
homologies and differences between PEC subsets.
Maria Pia Rastaldi
Increased Pax8 expression in SSeCKS knockout glomeruli. (a) 
Representative glomerulus from SSeCKS+/+ mice, showing a normal 
number of paired box gene 8 (Pax8)-positive PECs (arrowheads). (b) 
Representative glomerulus from SSeCKS−/− mice with the same diameter 
as in a, showing a marked increase in the number of Pax8-positive PECs 
(arrowheads) compared with SSeCKS+/+ mice.
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